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Reducing	seedling	recruitment	 	 	 	 	
	 Plastic	mulch	 	 ±	 +	 +	
	 Natural	mulch		 	 +	 +	 +	
	 Cover	crop	mulch	 	 +	 +	 +	
	 Tarping	 	 +	 	 	
	 	 	 	 	 	
Manipulating	competition	 	 	 	 	
	 Competitive	crops	&	cultivars	 	 	 	 ±	
	 Increase	plant	density	 	 	 	 ±	
	 Alter	spatial	arrangement	 	 	 	 ±	
	 Intercropping	&	living	mulch	 	 	 +	 ±	
	 Cover	crops	 	 	 +	 -	
	 Irrigation	placement	 	 	 -	 +	
	 Fertility	placement	 	 	 -	 +	
	 Transplant	 +	 ±	 +	 +	
	 	 	 	 	 	
Seedbank	reduction	 	 	 	 	
	 Stale	seedbed	 	 +	 ±	 +	
	 Soil	solarization	 	 +	 ±	 ±	
	 Harvest	weed	seed	control	 ±	 	 -	 +	
	 Short	duration	cover	crops	 ±	 	 +	 	
	 Summer	fallow	 	 	 	 +	
	 Seed	predation	 	 	 	 	
	 	 	 	 	 	
Diverse	physical	weed	control	 	 	 	 	
	 Tillage	 -	 	 -	 	
	 Cultivation	 -	 -	 -	 +	
	 Flaming	 -	 	 ±	 -	
	 Flooding	 	 	 	 	
	 Mowing	 -	 	 -	 	
	 Grazing	&	herbivory	 -	 ±	 	 	
	 Biocontrol	 	 	 	 	
	 Hand	weeding	
	

































































































































































































































































































































































































































































































































































































	 DF	 Chi-squared	 P	
Latitude	 1	 2.97	 0.08		
Longitude	 1	 6.86	 	<0.01*	
Vegetation	height	 1	 7.90	 	<0.01*	
Ground	cover	 1	 2.24	 0.13	




































































































Model	 Factor	 Estimate	 					SE	 				Z	 P	
Elymus	repens	 Intercept	 10.46	 17.30	 0.61	 					0.55	
	 Latitude	 0.07	 0.07	 1.00	 					0.31	
	 Longitude	 0.27	 0.23	 1.18	 					0.23	
	 Vegetation	height	 -0.04	 0.17	 -0.23	 					0.82			
	 Ground	cover	 0.27	 0.13	 2.10	 0.04*	
	 Surveyor	 2.60	 0.51	 5.05	 <0.01*	
Panicum	capillare	 Intercept	 22.33	 22.74	 0.98	 					0.33	
	 Latitude	 -0.38	 0.18	 -2.13	 0.03*	
	 Longitude	 0.14	 0.25	 0.56	 					0.57	
	 Vegetation	height	 <0.01	 0.18	 0.01	 					0.99	
	 Ground	cover	 -0.22	 0.16	 -1.33	 					0.18	
	 Surveyor	 3.35	 1.03	 3.26	 <0.01*	
Persicaria	maculosa	 Intercept	 17.13	 23.77	 0.72	 					0.47	
	 Latitude	 -0.63	 0.22	 -2.86	 <0.01*	
	 Longitude	 -0.11	 0.24	 -0.47	 					0.64	
	 Vegetation	height	 0.15	 0.18	 0.86	 					0.39	
	 Ground	cover	 0.17	 0.14	 1.23	 					0.22	
	 Surveyor	 0.55	 0.38	 1.44	 					0.15	
Persicaria	pensylvanica	 Intercept	 -21.61	 22.23	 -0.97	 					0.33	
	 Latitude	 0.02	 0.10	 0.19	 					0.82	
	 Longitude	 -0.25	 0.28	 -0.89	 					0.38	
	 Vegetation	height	 -0.08	 0.21	 -0.38	 					0.71	
	 Ground	cover	 0.07	 0.18	 0.43	 					0.67	


































































































































































































































































































































































































































































Treatment	 Soil	temp		(°C)	 	 Exposure	time	(h)	 	 Soil	moisture	(%vol)	
	 Max	 Avg.	 	 36-40	°C	 41-45	°C	 >45	°C	 	 Start	 End	
Tilled	control	 32	±	2	 17	±	1	 	 <	1	 0	 0	 	 21	±	8	 13	±	3	
Tilled	+	rolled	control	 32	±	2	 17	±	1	 	 0	 0	 0	 	 29	±	7	 20	±	4	
Tilled	+	solarized	 42	±	4	 24	±	2	 	 21	±	12		 12	±	11		 <	1	 	 21	±	7	 13	±	4	
Tilled	+	rolled	+	
solarized	
























































	 	 During	solarization	 After	solarization	
Elymus	repens	 Quackgrass	 0.12	 -0.03	
Amaranthus	retroflexus		 Redroot	pigweed	 -0.04	 -0.06	
Ambrosia	artemisiifolia	 Common	ragweed	 	 -0.15	
Capsella	bursa-pastoris	 Shepherd's-purse†	 -0.47	 -0.06	
Chenopodium	album	 Common	lambsquarters	 -0.16	 0.02	
Digitaria	sanguinalis	 Large	crabgrass	 0.04	 -0.07	
Echinochloa	crus-galli		 Barnyardgrass	 0.06	 -0.06	
Galinsoga	quadriradiata	 Hairy	galinsoga	 -0.06	 -0.01	
Panicum	capillare	 Witchgrass	 -0.08	 	
Poa	annua	 Annual	bluegrass†	 -0.30	 -0.31	
Portulaca	oleracea	 Common	purslane	 	 -0.13	
Stellaria	media	 Common	chickweed†	 -0.36	 	






































Soil	temp	(°C)	 	 Exposure	time	(h)	 	 Soil	moisture	(%vol)		
	 	 Max			 Avg.		 	 36-40	°C		 41-45	°C		 >45	°C	 	 Start	 End	
2016	 Control	 2	 35	±	1	 24	±	0	 	 	<	1		 0	 			0	 	 36	±	6	 12	±	1	
	 	 4	 35	±	1	 23	±	0	 	 	<	1	 0	 			0	 	 36	±	6	 10	±	2	
	 	 6	 			nd			 	nd	 	 	nd	 nd	 			nd	 	 36	±	6	 23	±	2	
	 Tarping	 2	 41	±	2	 28	±	0	 	 	28	±	11		 3	±	3	 			0		 	 35	±	5	 18	±	2	
	 	 4	 41	±	2	 28	±	0	 	 	71	±	17	 		8	±	12	 			0	 	 38	±	2	 18	±	2	
	 	 6	 41	±	3	 27	±	0	 	 	72	±	55	 11	±	10	 			0		 	 36	±	5	 17	±	1	
	 Solarization	 2	 46	±	3	 31	±	1	 	 		48	±	11	 30	±	21	 			4	±	8	 	 33	±	5	 18	±	3	
	 	 	4		 46	±	3	 31	±	1	 	 101	±	12		 64	±	41	 					8	±	11	 	 33	±	1	 16	±	3	
	 	 		6			 		50	±	1†	 		31	±	0†	 	 108	±	2†	 117	±	2†	 			49	±	8†	 	 39	±	3	 17	±	5	
2017	 Control	 2	 		33	±	4†			23	±	1†	 	 				0†	 							0†	 				0†	 	 22	±	3	 		7	±	1	
	 	 4	 		33	±	4†			22	±	1†	 	 				0†	 							0†	 				0†	 	 22	±	3	 10	±	1	
	 	 6	 		33	±	4†			21	±	1†	 	 				0†	 							0†	 				0†	 	 22	±	3	 33	±	4	
	 Tarping	 2	 		39	±	1†			25	±	0†	 	 		16	±	7†	 							0†	 				0†	 	 30	±	4	 12	±	0	
	 	 4	 		37	±	0†			25	±	0†	 	 		12	±	1†	 							0†	 				0†	 	 26	±	5	 15	±	2	
	 	 6	 39	±	1	 24	±	0	 	 		31	±	18	 				1	±	2	 		0	 	 29	±	4	 28	±	6	
	 Solarization	 2	 		46	±	0†				29	±	1†	 	 			32	±	8†		 	33	±	6†		 				5	±	1†	 	 		29	±	11	 13	±	5	
	 	 4	 43	±	3	 	27	±	1	 	 		40	±	14	 	17	±	16		 			<	1		 	 32	±	6	 14	±	1	















	 	 Termination	 Termination	+	14	
2016	 Control	 2	 595	±	114		 803	±	127	
	 	 4	 803	±	127		 635	±	46	
	 	 6	 635	±	46		 680	±	44	
	 Tarping	 2	 0		 261	±	67	
	 	 	4		 0		 640	±	130	
	 	 		6			 0		 205	±	69	
	 Solarization	 2	 5	±	5		 141	±	14	
	 	 4	 11	±	7		 16	±	5	
	 	 6	 5	±	5		 11	±	5	
2017	 Control	 2	 56	±	12	 403	±	101	
	 	 4	 403	±	101	 320	±	47	
	 	 6	 320	±	47	 453	±	107	
	 Tarping	 2	 0	 32	±	9	
	 	 4	 0	 0	
	 	 				6					 0	 27	±	16	
	 Solarization	 2	 419	±	134	 427	±	130	
	 	 4	 571	±	50	 288	±	41	


















































































































































































































































































































































































































































































Soil	temp	(°C)	 	 Exposure	time	(h)	 	 Soil	
moist.	
(%vol)		
	 	 Max	 Avg	 	 36-40	°C		 41-45	°C		 >45	°C		 	
FIELD	 Control	 2	 	31	±	1†	 		22	±	1†		 				0†		 							0†	 				0†	 	 	11	±	1		
	 	 4	 	32	±	2†	 		23	±	1†		 					0†		 							0†		 				0†		 	 	11	±	3	
	 Solarization	 2	 	39	±	3	 		28	±	1		 	 		28	±	22		 				4	±	4		 				0		 	 	14	±	8	
	 	 4	 	38	±	5	 		27	±	3		 	 		39	±	31		 	10	±	20		 				0		 	 	12	±	3	
GHOUSE	 Control	 2	 				33‡	 					27‡	 	 				0‡	 							0‡	 				0‡	 	 			1	±	1	
	 	 4	 				35‡		 					27‡		 	 					0‡		 							0‡		 				0‡		 	 			1	±	1	
	 Solarization	 2	 		44	±	1	 		34	±	0		 	 	74	±	9	 		48	±	5	 				0		 	 			3	±	1	














Control	 	 Solarization	 	 Control	 	 Solarization	
	 2	week	 4	week	 	 2	week	 4	week	 	 2	week	 4	week	 	 2	week	 4	week	
General	bacteria	 7.3	±	0.5		 7.7	±	0.5	 	 7.6	±	0.6	 7.6	±	0.4	 	 7.2	±	0.2	 7.4	±	0.4		 	 7.5	±	0.7	 7.5	±	0.2	
General	fungi	 5.1	±	0.4	 4.8	±	0.9	 	 5.1	±	0.5	 5.3	±	0.8	 	 5.7	±	0.1	 5.1	±	0.3	 	 6.0	±	0.2	 5.7	±	0.3	
Bacilli	 6.4	±	0.4	 6.7	±	0.2	 	 6.5	±	0.4	 6.6	±	0.4	 	 nd†	 6.1	±	0.3	 	 nd	 6.5	±	0.4	
F.	pseudomonads	 5.4	±	0.3	 4.4	±	0.2	 	 4.8	±	0.6	 4.7	±	0.8	 	 5.5	±	0.3	 4.8	±	0.5	 	 5.5	±	0.5		 5.0	±	1.1	
MANOVA	 DF	 Pillai’s	 	 F	 P	 	 DF	 Pillai’s	 	 F	 P	
Treatment	 		1	 0.05	 	 0.11	 0.98	 	 		1	 0.61	 	 3.53	 				0.05	
Duration	 		1	 0.36	 	 1.24	 0.36	 	 		1	 0.75	 	 6.66	 		<0.01*	
T	x	D	 		1	 0.29	 	 0.93	 0.49	 	 		1	 0.33	 	 1.11	 				0.41	













Control	 	 Solarization	 	 Control	 	 Solarization	
	 2	week	 4	week	 	 2	week	 4	week	 	 2	week	 4	week	 	 2	week	 4	week	
General	bacteria	 7.8	±	0.4	 7.1	±	0.2	 	 7.2	±	0.4	 7.2	±	0.7	 	 7.5	±	0.3	 8.0	±	0.6	 	 7.4	±	0.3	 7.8	±	0.7		
General	fungi	 5.6	±	0.3	 5.9	±	0.5	 	 4.3	±	0.4	 5.7	±	0.6	 	 5.5	±	0.4	 5.6	±	0.2	 	 5.2	±	0.6	 5.7	±	0.6	
Bacilli	 7.0	±	0.2	 6.6	±	0.6	 	 6.9	±	0.1	 6.5	±	0.4	 	 nd†	 6.5	±	0.3	 	 nd	 6.5	±	0.2	
F.	pseudomonads	 4.9	±	0.6	 0.9	±	1.8	 	 4.1	±	0.8	 0.0	±	0.0	 	 5.0	±	0.3	 4.4	±	0.8	 	 1.0	±	2.0	 1.3	±	1.6		
MANOVA	 DF	 Pillai’s	 	 F	 P	 	 DF	 Pillai’s	 	 F	 P	
Treatment	 		1	 0.69	 	 		4.96	 					0.02*	 	 		1	 0.87	 	 15.09	 		<0.01*	
Duration	 		1	 0.94	 	 35.87	 			<0.01*	 	 		1	 0.63	 	 		3.84	 				0.04*	
T	x	D	 		1	 0.56	 	 		2.84	 					0.09	 	 		1	 0.14	 	 		0.37	 				0.83	






















































































	 		 FIELD	 		 GHOUSE	
		 		 DF		 F		 P	 		 DF		 F		 P	
Treatment			 	1	 5.85	 				0.03*	 	 	1	 122.73	 		<0.01*	
Seed	Sp.			 	2	 4.81	 				0.02*	 	 	2	 			1.60	 				0.24	
T	X	Sp.			 	2	 0.20	 				0.82	 	 	2	 			3.57	 				0.07	
























































































































































Pathogen	species	 Common	name		 	Expected	response	 Source	
FIELD	 GHOUSE	
Alternaria	cucumerina	 Alternaria	leaf	blight		 +	 +	 (Vakalounakis	&	Malathrakis,	1988)‡	
Alternaria	Solani		 Early	blight		 0	 +	 (Abu-Gharbieh,	Saleh,	&	Abu-Blan,	1988)†	
Botrytis	cinera	 Noble	rot		 -	 -	 (Le	Bihan	et	al.,	1997)†	
Fusarium	solani	f.	sp.	cucurbitae			 Fusarium	rot		 0	 +	 (Abu-Gharbieh,	Saleh,	&	Abu-Blan,	1988)†	
Pectobacterium	atrosepticum	 Blackleg	 +	 +	 (Tsror	et	al.,	2009)‡	
Pectobacterium	carotovorum		 Soft	rot		 0	 0	 (Smadja	et	al.,	2004)‡	
Phytophthora	erythroseptica		 Pink	rot	 0	 +	 (Pinkerton,	Ivors,	Reeser,	Bristow,	&	Windom,	2002)†	
Phytophthora	infestans		 Late	blight	 +	 +	 (Drenth,	Janssen,	&	Govers,	1995)‡	
Plasmodiophora	brassicae	 Club	foot	 0	 0	 (Chellemi,	1994)†	
Rhizoctonia		 Belly	rot	 0	 +	 (Pinkerton	et	al.,	2002)†	
Sclerotinia	sclerotiorum	 White	mold	 +	 +	 (Cartia	&	Asero,	1994)†	
Verticillium	dahliae	 Verticillium	wilt	#1	 0	 +	 (Pullman,	DeVay,	Garber,	&	Weinhold,	1981)†	










































































































































































































































	 True	 False	 No	answer	
Overall,	I	found	WEEDucator	helpful	 18	 0	 1	





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































week	 mat	 em	 sr	 matReset	
15-Apr	 0	 0.001	 0	 0	
22-Apr	 0	 0.001	 0	 0	
30-Apr	 0	 0.01	 0	 0.05	
7-May	 0	 0.025	 0	 0.1	
14-May	 0	 0.025	 0	 0.2	
21-May	 0	 0.05	 0	 0.3	
28-May	 0	 0.05	 0	 0.4	
4-Jun	 0	 0.1	 0	 0.5	
11-Jun	 0	 0.1	 0	 0.6	
18-Jun	 0	 0.1	 0	 0.7	
25-Jun	 0.05	 0.1	 18	 0.7	
2-Jul	 0.1	 0.05	 118	 0.7	
9-Jul	 0.2	 0.05	 218	 0.7	
16-Jul	 0.3	 0.01	 318	 0.7	
23-Jul	 0.4	 0.01	 418	 0.6	
30-Jul	 0.5	 0.01	 518	 0.5	
6-Aug	 0.6	 0.001	 618	 0.4	
13-Aug	 0.7	 0.001	 718	 0.3	
20-Aug	 0.7	 0.001	 818	 0.2	
27-Aug	 0.7	 0.001	 918	 0.1	
3-Sep	 0.7	 0.001	 818	 0.05	
10-Sep	 0.7	 0.001	 718	 0	
17-Sep	 0.6	 0.001	 618	 0	
24-Sep	 0.5	 0.001	 518	
	1-Oct	 0.4	 0	 418	
	8-Oct	 0.3	 0	 318	
	15-Oct	 0.2	 0	 218	
	22-Oct	 0.1	 0	 118	
	29-Oct	 0.05	 0	 18	
	5-Nov	 0	 0	 0	
















































WEEDucator Pre-Assessment  




What year are you in school?  What is your major?___________________ 
❏ First year 
❏ Second year 
❏ Third year 
❏ Fourth year 
❏ Graduate student 
❏ Other_______________ 
 
How would you rate your knowledge of weed ecology and management? (1 = 
LOWEST) 
 










Please check the box that most closely relates to your confidence with your answer:  
❏ I am 100% confident in my answer 
❏ I have some doubt 










2. Biennial weeds flower and set seed:  
❏ The year after they germinate 
❏ For many years after they germinate 
❏ The first year they germinate 
❏ Just before they germinate 
  
Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 










6. Weeds can most easily be killed by cultivation at what growth stage:  
❏ In the seed stage 
❏ In the white thread stage 
❏ Just before flowering 
❏ While seeds are maturing on the mother plant  
 
Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 





Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 























Please check the box that most closely relates to your confidence with your answer:  
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 
11. Biennial weeds flower and set seed:  
❏ The year after they germinate 
❏ For many years after they germinate 
❏ The first year they germinate 
❏ Just before they germinate 
 
 Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 


















Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 
15. Weeds can most easily be killed by cultivation at what growth stage:  
❏ In the seed stage 
❏ In the white thread stage 
❏ Just before flowering 
❏ While seeds are maturing on the mother plant  
 
Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 






Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
















Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 





Please check the box that most closely relates to your confidence with your answer: 
❏ I am 100% confident in my answer 
❏ I have some doubt 
❏ I completely guessed 
 
Feedback & Suggestions 
 
Overall, I found WEEDucator helpful     
Comments__________________________  
❏ True     ___________________________________ 
❏ False    ___________________________________ 
 
Overall, WEEDucator was fun to use     
Comments__________________________  
❏ True    ___________________________________ 
❏ False    ___________________________________ 
 
I would prefer to learn the content in WEEDucator (rank in order of preference, 1 = 
HIGHEST) 
— By reading a textbook 
— In a classroom lecture 
— Through activities in lab or lecture 
— By interacting with a tool like WEEDucator 
— By watching YouTube videos 
— Other_____________________________  
 









❏ Lifecycles   ___________________________________ 
❏ Toolshed   ___________________________________ 
❏ Management sim   
 
What part(s) of WEEDucator did you like least?      
 
Comments__________________________ 
❏ Lifecycles   ___________________________________  
❏ Toolshed   ___________________________________ 
❏ Management sim   
 
What platform(s) would you prefer to use for accessing educations tools like 
WEEDucator? 
❏ Smartphone app 
❏ Downloadable computer app 
❏ Web-based app 
❏ Other___________________ 
 
Anything else you’d like us to know? 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
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